Pectolinarigenin Induces Phosphorylation of TR3 by Targetting RARγ/JNK Signaling Pathway by 张春云
学校编码：10384                                      分类号  密级     







硕  士  学  位  论  文 
   
柳穿鱼黄素靶向 RAR/JNK 信号通路诱导
TR3 磷酸化 
Pectolinarigenin Induces Phosphorylation of TR3 by 




专  业 名 称：化学生物学 
论文提交日期：       年  月 
论文答辩时间：      年  月 
学位授予日期：       年  月 
答辩委员会主席：       
评    阅    人：       
































另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的





























































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 





































摘要 .............................................................................................................................. 1 
Abstract ........................................................................................................................ 2 
第一章前言 ................................................................................................................ 3 
1. 核受体简介......................................................................................................... 3 
2. 视黄酸受体 RARs .............................................................................................. 4 
2.1. 视黄酸受体 RARs 的基因型功能 ............................................................ 4 
2.2. 视黄酸受体 RARs 的非基因型功能 ........................................................ 6 
3. 孤儿受体 TR3 .................................................................................................... 7 
3.1. TR3 的分子结构......................................................................................... 7 
3.2. TR3 的生物学功能..................................................................................... 8 
4. JNK 信号通路 ................................................................................................... 10 
4.1. JNK 结构和功能 ...................................................................................... 10 
4.2. JNK 信号通路的调节 .............................................................................. 12 
5. PI3K/AKT/p53 信号通路与肿瘤...................................................................... 14 
5.1. PI3K/AKT 信号通路 ................................................................................ 14 
5.2. p53 信号通路............................................................................................ 15 
6. 柳穿鱼黄素与刺槐素和抗肿瘤药物............................................................... 15 
第二章材料与方法 ................................................................................................ 19 
1.实验材料............................................................................................................. 19 
1.1. 细胞株、菌株、质粒.............................................................................. 19 
1.2. 主要试剂.................................................................................................. 19 
1.3. 主要仪器.................................................................................................. 20 
1.4. 主要溶液.................................................................................................. 21 
2.实验方法............................................................................................................. 25 
2.1. 细胞培养与冻存...................................................................................... 25 
2.2. 载体的构建.............................................................................................. 26 
2.3. 细胞转染.................................................................................................. 28 
2.4. 蛋白提取与 Western Blot....................................................................... 29 
2.5. 免疫荧光染色和观察.............................................................................. 30 
2.6. 免疫共沉淀（Co-IP） ............................................................................ 31 
2.7. 核质分离.................................................................................................. 31 
2.8. 去磷酸化处理.......................................................................................... 31 
2.9. 流式细胞术凋亡检测.............................................................................. 32 
2.10. RNA 干扰技术 ....................................................................................... 32 
2.11. 竞争性配体结合实验 ............................................................................ 32 
第三章实验结果与分析 ....................................................................................... 34 
3.1. 柳穿鱼黄素能够诱导肿瘤细胞的凋亡.................................................. 34 
3.2. 柳穿鱼黄素能够与 RAR 直接结合..................................................... 36 
3.3. 柳穿鱼黄素降解 RAR 并诱导 TR3 的磷酸化.................................... 37 













3.5. RARγ 通过调控 JNK 的活性参与 TR3 的磷酸化 ................................ 39 
3.6. 刺槐素靶向 AKT/p53 信号通路诱导肿瘤细胞凋亡 ............................ 40 
第四章讨论 .............................................................................................................. 43 
第五章结论 .............................................................................................................. 45 
参考文献 ................................................................................................................... 46 




























































Table of Contents 
Abstract In Chinese................................................................................................ 1 
Abstract ...................................................................................................................... 2 
Chapter I Preface .................................................................................................... 3 
1. Brief Introduction of Nuclear Receptor ........................................................... 3 
2. Retinoic Acid Receptor RARs  ........................................................................... 4 
2.1. Genomic Functions of RARs ...................................................................... 4 
2.2. Nongenomic Function of RARs.................................................................. 6 
3. Orphan Receptor TR3 ....................................................................................... 7 
3.1. Structure of TR3.......................................................................................... 7 
3.2. Function of TR3 .......................................................................................... 8 
4. JNK Signal Pathway  ........................................................................................ 10 
4.1. Structure and Function of JNK ................................................................. 10 
4.2. Regulation of JNK Signal Pathway .......................................................... 12 
5. PI3K/AKT/p53 Signal Pathway and tumor................................................... 14 
5.1. PI3K/AKT Signal Pathway ....................................................................... 14 
5.2. p53 Signal Pathway................................................................................... 15 
6. Pectolinargenin/Acacetin and tumor.............................................................. 15 
Chapter II Materials and Methods................................................................. 19 
1. Materials ........................................................................................................... 19 
1.1. Cell line, strain and plasmids .................................................................... 19 
1.2. Reagents .................................................................................................... 19 
1.3. Apparatus .................................................................................................. 20 
1.4. Solution ..................................................................................................... 21 
2. Methods ............................................................................................................. 25 
2.1. Cell culture and storage............................................................................. 25 
2.2. Plasmid reconstruction .............................................................................. 26 
2.3. Cell transfection ........................................................................................ 28 
2.4. Protein extraction and Western Blot ......................................................... 29 
2.5. Immunofluorescence ................................................................................. 30 
2.6. Immunoprecipitation(Co-IP)..................................................................... 31 
2.7. Nuclear and Cytoplasmic separation......................................................... 31 
2.8. Dephosphorylation .................................................................................... 31 
2.9. Flow Cytometry ........................................................................................ 32 
2.10. RNA interference technology.................................................................. 32 
2.11. Competitive ligand binding assay ........................................................... 32 
Chapter III Results and Analysis .................................................................... 34 
3.1. Pectolinarigenin could induce cell apoptosis  ........................................ 34 
3.2. Pectolinarigenin bound to RARγ ........................................................... 33 
3.3. Pectolinarigenin induced degradation of RAR  and phosphorylation 
of TR3 .............................................................................................................. 37 
3.4. JNK signaling pathway involved in phosphorylation of TR3  ............. 39 
3.5. RAR  regulated phosphorylation of TR3 through JNK pathway  ...... 39 
3.6. Acacetin targetted AKT/p53 pathway to induce cell apoptosis  .......... 40 
Chapter IV Discussion......................................................................................... 40 













Reference .................................................................................................................. 46 








































































英文缩写 英文全名 中文名称 
9-cis-RA 9-cis-retinoic acid 9-顺视黄酸 
AF activation function 转录激活功能域 
ALP alkaline phosphatase 碱性磷酸酶 
ALT alanine transaminase 谷丙转氨酶 
AR androgen receptor 雄激素受体 
AST aspartate aminotransferase 谷草转氨酶 
ATRA all-trans-retinoic acid  全反式视黄酸 
CDK cyclin-dependent kinase 周期蛋白依赖性激酶 
COX-2 cyclooxygenase-2 环氧化酶-2 
Cyt c cytochrome c 细胞色素 c 
DBD DNA-binding domain DNA 结合域 
DMEM Dulbecco’s Modified Eagle’s Medium 
Dulbecco’s 的改良 Eagle’s
培养基 
EGF epidermal growth factor 表皮生长因子 
ERK extracellular regulated protein kinases 胞外调节激酶 
GCS γ-glutamylcysteine synthetase γ-谷氨酰半胱氨酸合酶 
GR glucocorticoid receptor 糖皮质激素受体 
GR glutathione reductase 谷胱甘肽还原酶 
GSH glutathione 谷胱甘肽 
GSK-3β glycogen synthase kinase 3β  糖原合成酶激酶-3β 
GST glutathione S-transferase 谷胱甘肽 S-转移酶 
HBx hepatitis B virus X protein 乙型肝炎病毒 X 蛋白 
JNK c-Jun N-terminal kinases c-Jun 氨基末端激酶 
LBD ligand-binding domain 配体结合域 
LDH lactate dehydrogenase 乳酸脱氢酶 
MAPK mitogen-activated protein kinase 促分裂原活化蛋白激酶 
MR mineralocorticoid receptor 盐皮质激素受体 













NR nuclear receptor 核受体 
PARP poly ADP-ribose polymerase 
聚腺苷酸二磷酸核糖转移
酶 
PBS phosphate-buffered saline 磷酸盐缓冲液 
PGE2 prostaglandin E2 前列腺素 E2 
PIP2 phosphatidylinositol-4 , 5-biphosphate 磷脂酰肌醇 4，5 二磷酸 
PKA protein kinase A 蛋白激酶 A 
PKC protein kinase C 蛋白激酶 C 
PPAR 
peroxisome proliferator activated 
receptor 
过氧化物酶体激活受体 
PR progesterone receptor 孕激素受体 
PTK protein tyrosine kinase 蛋白质酪氨酸激酶 
RAR retinoic acid receptor 视黄酸受体 
RXR retinoid X receptor 视黄素 X 受体 
SOD superoxide dismutase 超氧化物歧化酶 
TNF tumor necrosis factorα 肿瘤坏死因子 
TNFR tumor necrosis factor receptor 肿瘤坏死因子受体 
TR thyroid hormone receptor 甲状腺激素受体 
TRAP-1 




VDR vitamin D receptor 维他命 D3 受体 




















课题围绕着柳穿鱼黄素诱导的 RAR/JNK 信号通路的活化进而磷酸化 TR3 的现
象，阐述了 TR3 磷酸化调控的新机制。 
本研究首次发现了黄酮类化合物柳穿鱼黄素在肝癌细胞 HepG2、乳腺癌细
胞 MCF-7 等肿瘤细胞中均有凋亡诱导作用。在研究中，我们发现柳穿鱼黄素可
特异性的与核受体 RARγ 结合，配体竞争性实验测定其 IC50 为 3.42 µM。柳穿鱼
黄素处理细胞后可激活 JNK 信号通路，诱导 TR3 的高度磷酸化并引起 RAR 的
降解，且呈时间及浓度依赖性；而用 siRNA 方法干扰掉 RAR 后，TR3 及 c-Jun
磷酸化程度减弱，因此我们认为 RAR 参与柳穿鱼黄素诱导的 TR3 的磷酸化。













































Orphan receptor TR3, a key member of the nuclear receptor superfamily,  plays an 
important role in regulation of cell proliferation, immune process, apoptosis, 
autophage and so on. Regulations of TR3 activity involve its phosphorylation. Our 
research focuses on the phenomenon that activation of RAR/JNK induced by 
pectolinarigenin leads to phosphorylation of TR3, and the work will pave a way to 
explain a new mechanism of TR3 regualtion.  
We are the first to find that pectolinarigenin, a flavonoid compound, would induce 
apoptosis in tumor cells, which includes liver cancer cell, breast cancer cell and others, 
and may phosphorylate TR3 through RAR nongenomic action. According to our 
reseach results, pectolinarigenin could bind to RARγ and the IC50 was 3.42 μM. Cells 
treated by pectolinarigenin may activate JNK signaling pathway, cause highly 
phosporylation of TR3 and degradation of RAR in a dose-and time- dependent 
manner; level of TR3 phosphorylation became weak as well as that of c-Jun if we 
knockdown RAR by siRNA. So it is obvious that RAR/JNK involves in 
pectolinarigenin- induced phosphorylation of TR3. Our results that pectolinarigenin 
activates RAR and then regulates TR3 by RAR’s nongenomic action, may give an 
evidence for regulation between nuclear receptors and show their nongenomic 
actions. 
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